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的关键材料。故在新型白光 LED 的研究中，研发出优质光转换荧光粉极为重要。 
基于此，本研究对太阳能光伏发电 LED 照明系统中的重要组成部分：染料
敏化太阳能电池中的 ZnO 阳极和电池性能以及 LED 照明用氮氧化物荧光粉做了
详尽的研究： 
一、关于染料敏化太阳能电池 ZnO 阳极制备与性能表征 
（一）本研究通过醋酸锌和二甘醇水解反应制备了球状形貌的 ZnO 阳极，
450℃热处理制备了 Sn 掺杂球状 ZnO 阳极，阳极层厚度为 1 μm 左右；基于 ZnO
阳极，本研究手动封装了染料敏化太阳能电池（电极、导电玻璃、染料、电解质
等均采用商业部件）。 
（二）对阳极进行 SEM 和 TEM 测试发现，Sn 掺杂后的 ZnO 球的尺寸明显
减小，Sn 在 ZnO 晶体生长的过程中，会偏析于 ZnO 的某些晶面上，阻碍晶粒间
的聚集，降低了 ZnO 纳米微球的尺寸，进而增大了 ZnO 阳极的比表面积，增加
了 ZnO 阳极对染料的吸收量。 
（三）通过对相应电池的电流—电压（ J-V ）和 IPCE （ Incident 
photon-to-electron conversion efficiency，单色光电转换效率），其 Sn 掺杂球状 ZnO
阳极的电池的转换效率为 0.80%，比无掺杂的球状 ZnO 电池的转换效率（0.28%）
























0.005～0.06)的荧光粉，Eu2+的最佳掺杂浓度为 x = 0.04；其激发光谱覆盖了 250～
500 nm 范围，可有效地被紫光和蓝光激发；其发射光谱在 500～600 nm 范围内










（五）对添加荧光粉质量的 1%的 NH4Cl 的荧光粉进行稀硝酸清洗，发现经


















As the growing demand for energy and the dwinding of the main energy 
resources (e.g. oil, gas and coal) in modern world. The solar system and LED 
illumination system play an important role in the application of new power source and 
energy-saving technology. In 1991, the birth of dye-sensitised solar cells (DSSCs) 
bring a new dawn of solar cell field. There are many advantages about DSSCs, such 
as simple manufacturing procedure, safe and non-toxic and the low cost. It is expected 
to replace silicon-based solar cells and to be a new generation of solar cells. In white 
light illumination system, energy-saving lamps occupy the main market. However, the 
pollution to the environment cannot be solved till now which limits the development 
of energy-saving lamps. In LED illumination system, performance of the phosphors 
directly determine the correlated color temperature, the chromaticity coordinates, 
color rendering index and the life of white LED. Therefore, It’s so improtant to 
develop high quality phosphors in the process of the research for new type of white 
LED. 
Therefore, detailed researches about the important parts of solar LED 
illumination system were studied: the ZnO eletrode of DSSCs and the silicon-based 
oxynitride phosphors: 
1. The preparation and characterization of ZnO of DSSCs. 
1) The spherial ZnO electrode has been obtained by the reaction of zinc acetate 
and diethylene glycol hydrolysis and get the Sn doped ZnO electrode after sintering at 
450℃. The DSSCs based on ZnO electrode have been sealed and the layer thickness 
of electrode is around 1 μm.. The Pt counter electrode, dye, FTO and electrolyte are 
commercial product. 
2) The morphology has been charaterized by TEM and SEM. It has been found 
that the size of ZnO sphere drecreased significantly after doping Sn element. 
Therefore, the specific surface area has increased because of this reason and then 















3) The J-V curves and IPCE has been characterized. The results shown that the 
efficiency of DSSC based on Sn-doped ZnO (0.80%) is much higher than that of 
DSSC based on ZnO (0.28%) which increased about 1.8 times.  




2. The preparation and characterization of CaSi2O2N2: Eu
2+
 phosphors. 
1) Pure-phase CaSi2O2N2: Eu
2+
 phosphors have been synthized by two steps of 
solid state method. First, the precursor has been obtained at 1000℃ for 3 h at N2 / H2 
(a mixture of 5% H2 and 95% N2) reducing atmosphere. And then the phosphors have 
been obtained after precursor treatment at 1450℃ for 6 h at the same atmosphere. 
2) The PL and PLE properties has been charaterilized for Ca1-xSi2O2N2: xEu
2+
(x 
= 0.005～0.06) phosphors. The results showed that the optimal doping concentration 
of Eu
2+
 is 0.04. The 250～500 nm range of PLE is covered. It can be effectively 
excited by UV and blue light. The emission spectra display a broad band covering the 
range of 500～600 nm with a maximum peak at about 543 nm.  
3) The concentration quenching mechanism has been discussed for CaSi2O2N2: 
Eu
2+
 phosphors. According to the calculation results, the concentration quenching 
mechanism of Eu
2+
 is electric dipole－electric dipole interaction in CaSi2O2N2 matrix. 
4) The luminescence intensity has been studied by adding different flux (CaF2, 
BaF2, NH4Cl). It has been found that CaF2 and NH4Cl fluxes could enhance the 
luminescence intensity, the optimal comcentration is 1 wt.%. In our experiments, the 
luminescence property is not improved after adding the BaF2 flux. 
5) The phosphors with 1 wt.% NH4Cl flux has been cleaned by HNO3 solution(5 
Vol%). It has been found that the relative luminescence intensity of the phosphors 
which was cleaned is incereased by 6% and the particle agglomeration is also 
relieved. 
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第 1 章 绪 论 
1 
第 1 章 绪 论 
1.1 太阳能—LED 系统 




转换成电能，提供给 LED 光源，由于 LED 光源的节能和长效的特征，太阳能—
LED 系统的应用，将能实现很高的能源利用效率、工作可靠性和实用价值[1]。如

















九十年代初，以瑞士洛桑理工学院（École Polytechnique Fédérale de Lausanne，




































敏化太阳能电池（主要是 ZnO 光阳极部分）和 LED 照明用氮氧化物荧光粉做了
详尽的研究。 
1.1.2 太阳能—LED 系统的工作原理 
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